In this paper, the double Laplace decomposition methods are applied to solve the non singular and singular one dimensional thermo-elasticity coupled system. The technique is described and illustrated with some examples.
Introduction
The nonlinear one dimensional thermoelasticity coupled systems appear in many fields of science such as fluid mechanics, solid state physics and plasma physics. Thermoelasticity problems have gained a considerable attention for their importance and applications. Linear and nonlinear thermoelasticity provide a rich field of research for investigating the coupling between the thermal and the mechanical fields. The exact solutions for such system are difficult to find. Therefore, some numerical methods have been recently developed them analyticaly such as variational iteration method [1] , Adomain's decomposition method [2, 3] , homotopy perturbation method [12, 13, 14] and iteration method [10, 11] for finding analytical solutions of linear and nonlinear problems. The aim of this paper is to adopt the double Laplace transform and domain decomposition to obtain approximate solutions with high accuracy of singular and non singular one dimensional thermo-elasticity coupled system. For the illustration of our propesed method, two examples are given. The propesed technique is called modified double Laplace decomposition method and is performed by combining Laplace transform methods and decomposition methods see [6] . First of all, we recall the following definitions which are given in [9, 7] . The double Laplace transform is defined as
where x,t > 0 and p, s are complex values and further double Laplace transform of the first order partial derivatives is given by
Similarly, the double Laplace transform for second partial derivative with respect to x and t is defined as follows
Nonlinear one dimensional thermo-elasticity coupled system
In this section, we discuss the analytical solution of the regular nonlinear one dimensional thermo-elasticity coupled system [4, 5] 
with initial conditions
where u (x,t) and v (x,t) are the body displacement from equilibrium and the displacement of the body temperature from reference T 0 = 0, subscripts denote partial derivatives, a, b, c and d are given smooth functions. For physical interpretation see [7] . Now let the us assume the following
using the above assumptions, the nonlinear system in Eq. (1) and Eq.(2) becomes
where
∂ x∂t are nonlinear operators. In the following theorem we apply modified double Laplace decomposition methods. 
Theorem 1. We claim that the solution of the system given in Eq.(4), Eq.(5) and Eq.(3) is given by
∞ ∑ n=0 u n (x,t) = f 1 (x) + t f 2 (x) + L −1 p L −1 s F (p, s) s 2 + L −1 p L −1 s 1 s 2 L x L t ∞ ∑ n=0 ∂ 2 u n ∂ x 2 − ∞ ∑ n=0 A n ,(6)∞ ∑ n=0 v n (x,t) = g 1 (x) + L −1 p L −1 s G (p, s) s + L −1 p L −1 s 1 s L x L t ∞ ∑ n=0 ∂ 2 v n ∂ x 2 − ∞ ∑ n=0 B n . (7) or u (x,t) = u 0 + u 1 + ... and v (x,t) = v 0 + v 1 + ...,
where L x L t is the double Laplace transform with respect to x, t and L
The double Laplace a domain decomposition methods (DLADM) defines the solution of the system as u (x,t) and v (x,t) by an infinite series,
The nonlinear operators can be defined as follows
where A n and B n are denoted by:
Here, few terms of a domain's polynomials A n and B n are given by:
and
By applying double inverse Laplace transform for Eq. (8) and Eq. (9) and use Eq. (10) and Eq. (11) we have
in particular, we have
and generally we have
by calculating the terms u 0 , u 1 , ... and v 0 , v 1 , ..., we obtain the solution of the system as
Applications
To validate our method for systems of nonlinear partial differential equations we consider some illustrated examples of nonlinear one dimensional thermo-elasticity coupled systems as follows: Example 1. Consider the following nonlinear one dimensional thermo-elasticity coupled system:
with initial conditions 
On using double inverse Laplace transform, we have
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where A n and B n are Adomain polynomials given by Eq. (13) 
the other components given by
Applying Eq. (29), Eq.(30), Eq. (13) and Eq. (14), we obtain 
therefore, the exact solution is given by u (x,t) = e x−t , v (x,t) = e −x+t .
Example 2.
Consider the nonlinear coupled system one dimensional thermo-elasticity given by
By applying the modified double Laplace decomposition methods and the inverse double Laplace transform as in previous example one can obtain
where A n and B n are Adomain's polynomials given by:
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by integrating 2 time for both sides of Eq. (45) and Eq.(45) from 0 to p with respect to p, we have
The double Laplace A domain decomposition methods (DLADM) defines the solution of the system as u (x,t) and v (x,t) by the infinite series,
By applying double inverse Laplace transform for Eq. (47) 
Using Eq.(49) into Eq.(50) and Eq.(51), one gets
in particular,
Generally, we have u (x,t) = u 0 + u 1 + ... + u n and v (x,t) = v 0 + v 1 + ... + v n , the solution of the system given by u (x,t) = x 2 + x 2 t and v (x,t) = x 2 t.
Conclusion
In this paper, we proposed new modified double Laplace decomposition methods to solve linear regular and singular one dimensional singular one dimensional thermo-elasticity coupled system. The results obtained by double laplace decomposition method are compared with those of the exact solution, which shows very good agreement, even using only few terms of the recursive relations. This method can be applied to many complicated linear and non-linear PDEs.does not require linearization.
